I. INTRODUCTION
Lightning induced voltage is one of important reasons for line disturbances in distribution networks. The induced voltage arises due to coupling between the lightning electromagnetic fields and the power line [1] [2] [3] [4] . Therefore, insulation coordination of the distribution lines and also setting of a proper protection level on the network are important issues. On the other hand, line insulators play an important role to increase the insulation level of a line. Among different insulators, polymer insulators are widely used in power distribution networks [5] [6] [7] [8] . In this paper, the behaviour of a polymer insulator versus lightning induced voltage is considered in transient domain. However, weather conditions can have a profound effect on the performance of insulators. Therefore, the effect of weather conditions on the behaviour of insulators will be studied in this paper and the results will be discussed accordingly. The basic assumptions in this study are listed as follows:
1-The surface of the ground is flat 2-The lightning channel is vertical without any branches within the first few hundred meters 3-The ground conductivity is assumed to be perfect 4-The voltage level of the distribution line is 33 kV
II. LIGHTNING INDUCED VOLTAGE
Several studies have been undertaken to evaluate the lightning induced voltage on power lines which is known to be dependent on the radial distance between the lightning and the power line, the lightning current, the return stroke velocity and the line height. Figure 1 shows the geometry of the problem for which the lightning channel strikes at distance equal to 'r' with respect to the middle of the line and by coupling between the lightning electromagnetic fields arising from the lightning channel and the power line then a lightning induced voltage appears along the distribution line. In this paper, the channel base current was simulated using the sum of two Heidler functions as expressed by Equation (1) where the typical current parameters are listed in Table I . Furthermore, the current behaviour at different heights along the lightning channel was modelled using the MTLE current model based on the general form of the engineering current models as shown in Equation 2. The attenuation height dependent function was selected as exp(-z'/λ) and also λ and the return stroke current velocity (and front) were assumed to be 1500 m and 1 × 10 ଼ m/s, respectively [9] [10] [11] [12] .
Where:
iሺ0, tሻis the channel base current, t is the time step, i ଵ and i ଶ are amplitudes of the channel base current, τ ଵଵ and τ ଵଶ are front time constants, τ ଶଵ and τ ଶଶ are decay-time constants, n ଵ and n ଶ are exponent (2~10),
z' is the temporary charge height along lightning channel, I(z',t) is current distribution along lightning channel at any height z' and any time t, I(0,t) is channel base current, P(z') is the attenuation height dependent factor, v is the current-wave propagation velocity, v is the upward propagating front velocity, u is the Heaviside function as defined by 
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III. POLYMER INSULATOR
For the purpose of this study, a typical 33 kV polymer insulator was selected as shown in Figure 4 and the specifications of the insulator are tabulated in Table II . Based on the values of the lightning induced voltage along the distribution line (see Figure 3) and by considering the voltage peak on the line, the electric field and voltage profile along the polymer insulator under different weather conditions was evaluated inn transient domain using Maxwell software. Figure 5 shows the electric field profile along the first shed of the insulator from below under air with 27 % moisture. It illustrates the connection area between the shed and the core has high stress and this can cause surface electrical breakdown. Furthermore, the figure demonstrates that the core part is highly effective in the reduction of voltage. The voltage profile along the core was studied and this is shown in Figure 6 which illustrates that the voltage profiles at both ends of the insulator have a nonlinear trend as opposed the middle parts of the core that shows a linear trend. Therefore, the chance of a corona current and breakdown at both ends is higher than in the other parts. Moreover, Figure 7 illustrates the profile of the electric field along the first shed at 70 % moisture in the air. It confirms the high stress at the connection point between the core and the shed compared to the other parts. Therefore, the use of proper material at the connection point can be helpful to reduce stress and surface breakdown in that area as pollution in that area can be extraordinarily effective in encouraging the chance of breakdown. A comparison between Figure 5 and Figure 7 shows that the values of the electric fields along the shed at 70 % moisture are higher than the corresponding situation at 27 % moisture. Likewise, Figure 8 demonstrates the electric field profile along the core which confirms the higher stress at both ends of core. Figure 9 illustrates the voltage profile along the first shed at 70 % moisture in the air where the voltage level at the core part shown in the middle of the figure is lower than for the sides. Moreover, Figure 10 demonstrates the electric field profile along the first shed for foggy air with 90 % moisture where the values of the electric field in some parts of the sheds, especially at the connection point of the shed and the core, is higher than the critical breakdown electric field of the shed (1300 V/mm). Therefore, a surface breakdown along the surface of the core at the connection point of the core and the shed as well as along the shed itself can be started. The figure shows that the values of the electric field increased compared to the 27 % and 70 % moisture conditions. Figure 11 and Figure 12 illustrate the voltage profile along the first shed and also the voltage distribution along the insulator, respectively at 90 % moisture in the air. A comparison between Figure 9 and Figure 11 shows the value of the voltage along the shed has a direct relationship with the percentage of moisture in the air. The results demonstrate a direct relationship between the moisture content in the air and the voltage electric profile along the insulator especially at the connection point between the core and the shed and also the surface of the shed that can facilitate the required conditions for starting electrical breakdown. Therefore, in order to set a proper protection level on the distribution line versus lightning induced voltage, consideration of the effect of the weather conditions on the performance of the insulators can be helpful.
IV. CONCLUSION In this paper, the effect of lightning induced voltage along a distribution line on the performance of a polymer insulator was considered in transient domain and the voltage and electric field profiles at different cross sections of the insulator were studied and the results discussed accordingly. The results show that the electric performance of the insulator has a direct relationship with the water content in the air. Moreover, the connection area between the shed and core of the insulator demonstrates high stress and it can become the initial point for starting surface electrical breakdown. Therefore, consideration of the effect of weather on the performance of an insulator versus the lightning induced voltage on the distribution lines can be helpful for increasing insulation the level of the line.
